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Introduction
By tradition, cardiovascular epidemiology has focused on the identification of cardiovascular risk factors. Less emphasis has been placed on the assessment of salutogenic factors, i.e. factors that promote health [1] . One of the reasons for this is that health is more difficult to assess than the occurrence of disease. Longevity, however, provides an indirect measure of good health, and can be used as a surrogate in epidemiological studies.
Longevity is obviously the result of a health promoting environment interacting with genes coding for resistance and long survival. If environmental factors remained unchanged from one generation to another, a similarity between parents and offspring with respect to longevity would be expected. Similarities in age at death in parents and offspring was demonstrated already in the early part of the last century [2] [3] [4] , and later studies confirmed parental survival to be an independent predictor of longevity [5] . To what extent longevity is a trait that may be carried from one generation to another can best be assessed in populations with relatively constant mortality rates not heavily influenced by violent or accidental deaths. Sweden, along with another few populations in Europe, escaped the detrimental effects of the World Wars, thereby providing the opportunity to examine the impact of parental longevity on middle-aged offspring.
Coronary heart disease is the single most important cause of death in Sweden as in most of Europe and North America. Having a family history of coronary disease, particularly of premature coronary disease is a well-known risk factor for coronary disease in the offspring [6] [7] [8] [9] [10] [11] [12] [13] . Less emphasis has been placed on the effect of parental longevity in itself for general and cause-specific mortality in sons and daughters. In a large American study based on questionnaire data only and published in 1971 [14] , longevity in a family was found to protect against coronary heart disease in sons. In an early paper from another Göteborg population, parental longevity was independently associated with lower risk of myocardial infarction [15] but this was a small study with only 67 coronary end-points. Studies of twins, and of adoptees have indicated that cardiovascular death is influenced by genetic factors [16, 17] .
The Primary Prevention Study in Göteborg [18] comprised men whose parents were born during 1880-1900, and who lived through a period of dramatic changes in disease pattern. Whilst total mortality rates declined, the risk of coronary heart disease increased steeply throughout the first twothirds of the last century. Adults who survived into advanced age during this period constitute a particularly interesting group that should be further characterized both with regards to genes and to environmental exposure, including lifestyle. The present paper is an analysis of the association between parents' longevity and the risk of having a coronary event, respectively dying from any cause, cancer or cardiovascular disease in their middleaged sons followed from their mid-fifties to their eight decade.
Materials and methods
Data were used from the multifactor Primary Prevention Study which started in Göteborg in 1970 and included all men in the city, in total 30 000, who had been born between 1915 and 1925, except those born in 1923 [18] . An intervention group of 10 000 men comprised a random third of the men in the trial, with two control groups of 10 000 men each. Of the control groups, only subsamples were examined at any time, and in the present study only men from the intervention group were analysed. The intervention used a high-risk strategy and was directed at smoking, hypertension, and hypercholesterolaemia [18] . At follow-up after 11.8 years, risk factor levels had decreased, but the same changes had occurred also in the control groups. Overall, there were no significant differences in risk factor levels or in outcome with respect to registrations for cardiovascular, cancer or all-cause mortality between the intervention or any of the control groups [18] , and, although some influence from the intervention cannot be ruled out, we consider the study group to be representative of the background population in the city. A first screening examination took place between January 1970 and March 1973. Data about parental age were only collected in the second screening, which started in 1974 and was completed in 1977 [19] . All surviving men from the intervention group who still lived in Göteborg were invited for screening; the response rate was 76%. Altogether 7122 took part in the examination. Of these, 129 had been hospitalized with myocardial infarction at some time, and 751 did not state the age of either their father, or mother, or both. After these exclusions, the remaining 6242 men form the basis for the present investigation.
Data on parental history, as well as on smoking habits, physical activity, occupation, and diabetes were collected by a postal questionnaire which was sent to all subjects along with an invitation to the study. The subjects were asked, in separate questions, whether their mother and father were still alive and at which age. If the parent was deceased, they were asked at which age he, or she, had died. Of the fathers, 87% had died, and of the mothers 72%. The mean age at death for the fathers who had died was 70.3 (SD 13.3) years, and of those who were still alive 82.6 (5.3) years. Corresponding figures for the mothers were 70.1 (14.0) and 81.0 (5.0) years. The subjects were also asked about history of myocardial infarction, stroke, and hypertension separately for each parent, with 'yes', 'no', and 'unknown' as response options. No information about the age at which the events occurred was sought.
Smoking habits were coded into five categories: former smoker of more than 1 month's duration, smoking 1-14 g of tobacco per day, smoking 15-24 g, and smoking 25 g or more per day, with never smokers as a reference. One cigarette was considered to contain 1 g of tobacco, a cigarillo 2 g, and a cigar 5 g of tobacco. Occupation was coded according to the Swedish socio-economic classification system (socio-economic index, SEI), developed by the Swedish Central Bureau of Statistics, Sweden. This classification, in the aggregated form used in this study [20] , consists of five occupational classes: (i) unskilled and semiskilled workers; (ii) skilled workers; (iii) foremen in industrial production and assistant nonmanual employees; (iv) intermediate nonmanual employees; and (v) employed and selfemployed professionals, higher civil servants, executives. For the purpose of the present study four separate categories were formed: skilled and unskilled manual workers (1 + 2); foremen and assistant nonmanual (3); intermediate nonmanual employees and employed and self-employed professionals, higher civil servants, executives (4 + 5); and men who were not classifiable (mainly a mixed group of subjects with disability pensions who had not stated their profession in addition to nonprofessional self-employed subjects). Physical activity in leisure time was coded according to a four-grade scale, with 1 representing sedentary activity, 2 moderate activity such as walking, or light gardening during at least 4 h per week, and 3-4 representing regular, strenuous, or very strenuous activity; the latter two categories were collapsed into one as there were few men in category 4.
Screening examinations were performed in the afternoon. Weight and height were measured. Blood pressure was measured to the nearest 2 mmHg after 5 min rest with the subject seated. Serum cholesterol concentration (from a sample taken after fasting for at least 2 h) was determined according to standard laboratory procedures.
All subjects in the multifactor Primary Prevention Study were followed until 31 December, 1996. The Swedish national register on deaths because of specific causes from the years 1970-96 and the Swedish hospital discharge register were matched against a computer file of the men in the study, after approval of the review board of the Göteborg University Ethics Committee. In addition, a manual search in the archives of the two city hospitals was performed. Of all hospitalizations, 21% were in hospitals outside of the city. In 1987, there was a change from the eighth to the ninth revision of the International Classification of Diseases, but for the broad groupings used in the present study this will have made no difference. Coronary death was defined as ICD codes 410-414, cardiovascular deaths as ICD codes 390-459 and cancer deaths as ICD codes 140-239. Myocardial infarction was defined as a discharge with an ICD code of 410 as a principal or contributory diagnosis.
Statistical methods
We used the SAS statistical package (version 6.12). In the cross-sectional analyses Pearson's correlation tests were used for continuous variables and Mantel-Haenszel tests for categorical variables. In the prospective study age-adjusted proportional hazards analyses were used. Six categories were created with respect to achieved age in both father and mother: (1) below 70, (2) 70-74, (3) 75-79, (4) 80-84, (5) 85-89 and (6) 90 years or more, with below 70 as reference. Adjustments were carried out for myocardial infarction in either parent (yes/no/ unknown), smoking habit (1-5), serum cholesterol, systolic blood pressure, body mass index (BMI), diabetes (yes/no), leisure time physical activity (1-3), and occupational class (four categories as described above). All continuous variables were entered linearly, including BMI, as there was no appreciable increase in risk of coronary disease, and only a slight increase in risk of death at the lower end of the range.
Results
Men with parents who had survived to a high age were slightly older, and had very slightly lower blood pressure (Table 1) . A history of myocardial infarction in the father was stated by 15% amongst those whose father had died before the age of 70, compared with 9% in those whose father had achieved at least 90 years, and in 9% of those whose mother had died before the age of 70, compared with 4% in the oldest mothers (P for both <0.001). Stroke was slightly less common in fathers who had died young. No relation was found between father's achieved age and smoking, serum cholesterol, BMI, leisure time physical activity, or nonmanual working status. High age in the mother was associated with lower BMI and systolic blood pressure, and a larger proportion of nonmanual working men amongst the sons.
In 15% of the men there was a history of myocardial infarction in the father and in 8% of the mothers (Table 2) . Infarction in either parent was associated with significantly increased risks in the range of 1.5, with slight reductions after adjustment for smoking, serum cholesterol, systolic (20) 147 (20) 146 (20) 145 (20) 144 (19) 145 (18) (Table 3) . Coronary mortality decreased continuously with increasing age in the father and in those whose father had achieved an age of 90 or more 3.2 No association with mortality from cancer was found (P for trend 0.74).
The effect of achieved age in the mother was weaker than for the father and after adjustment trends were weakly significant for death from cardiovascular and all causes (P ¼ 0.01 and 0.03), but not for coronary death or cancer death (Table 4) .
Men whose father had survived to at least 90 had an adjusted HR of hospitalization with a diagnosis of myocardial infarction of 0.60 (0.40, 0.89) compared with men whose father died before 70 (P for trend 0.0006) ( Table 5) . If all myocardial infarctions, including coronary deaths outside hospital, were considered, 14.6 per 1000 observation years of those whose fathers had died before the age of 70 sustained a fatal or nonfatal myocardial infarction, compared with 7.9 per 1000 of those whose fathers had survived to at least the age of 90 [adjusted HR 0.58 (0.40, 0.84)]. The effect of achieved age in the mother was weaker and trends were only of borderline significance. However, the small group of men whose mothers had survived to at least the age of 90 had significantly lower risk of hospitalization for myocardial infarction, compared with men whose mothers had died before the age of 70 
Discussion
The risk of coronary heart disease decreased continuously with increasing age of the father, whereas the effect of having an elderly mother was less striking. The association appeared to be statistically independent of cardiovascular risk factors, including a history of myocardial infarction amongst the fathers. This implies that longevity amongst fathers may carry additional information about disease risk in the offspring that is not captured by those variables, a finding suggesting the existence of genetic control or shared environmental effects with a prolonged effect. The lack of father's or mother's age on the cancer risk is in stark contrast to cardiovascular diseases. A possible explanation of this discrepancy is that the most frequent cancers amongst men such as carcinoma of the lung, the stomach, and prostate are because of environmental or life-style related factors, although some effect of heritability has been found in twin studies [21] .
The results are unlikely to be as a result of bias as the 6242 men who formed the basis for this follow-up and analysis were survivors of a cohort randomly selected several years before the start of the follow-up. The information on parents' age and history was collected long before the start of the follow-up and will not have influenced the coding of the death certificates or hospital diagnoses of their sons. To what extent the observed association between parent's longevity and the risk of disease is determined by shared environment or genes cannot be determined in this study, but the differing results with regard to cancer and cardiovascular disease indicate aetiological factors of some importance. However, the study population was restricted to men who were in their fifties at baseline and the results cannot be extrapolated to women, or to younger, or older men.
The genetically and environmentally determined influence on longevity has been extensively studied in twin studies. Results from a recent Swedish study suggested that the genetic effect was small, indicating that most of the variance in longevity was explained by environmental factors [22] . A Danish twin study [23] came to similar conclusions and also that the data were best explained by a model that included genetic dominance (nonadditive genetic effects caused by interaction within gene loci) and nonshared environmental factors (environmental factors that are individual-specific and not shared in a family). The heritability of longevity was estimated to be 0.26 for males and 0.23 for females. Heritability was found to be constant over the three 10-year birth cohorts included. Thus, longevity seemed to be only moderately heritable. These observations are in contrast to the theoretical considerations and analyses by Gavrilova et al. [24] . They claim that the equilibrium gene frequency for deleterious mutations should increase with age because of weaker (postponed) selection against later-acting mutations. One would therefore expect the genetic variability for survival (additive genetic variance) to increase with age. They tested their prediction of by analysing the genealogical data on longevity in European royal and noble families, and found that the regression slope for offspring longevity as a function of paternal longevity increased with paternal longevity. Herskind et al. [25] used the Danish twin population to assess to what extent smoking, BMI, and longevity are influenced by common genetic factors. They found no evidence for a substantial impact of common genetic factors on smoking, BMI and longevity. This suggests that only a small fraction of the genetic influences on longevity is mediated via a genetic influence on smoking and BMI and, furthermore, that it is unlikely that the associations between smoking and mortality and between BMI and mortality are confounded by common genetic factors. In another Danish population study subjects reporting parental myocardial infarction had an adverse cardiovascular risk profile [26] , but in the present study the association between parental longevity and risk of coronary disease in sons was apparently not mediated by the major risk factors. However, as in all prospective studies with a long follow-up, this assumes that no major changes in risk factor status evolved after the baseline investigation, and also, that the initial measurements were correct.
In the present study, the protective effect of having a father surviving into old age was predominantly found for coronary death and for myocardial infarction. This was not explained by less frequent myocardial infarction in the father. However, the presence of cardiovascular disease in parents was only assessed by questionnaire and this information is likely to be partly inaccurate. Overall, 21% of parents in the present study were said to have had a myocardial infarction. This is obviously an underestimation, as at any given age during this period a quarter to one-third of all deaths would have been expected to be because of coronary disease, and still more of the fathers would have had a myocardial infarction at any time. In a recent Scottish study [27] 26% of participants had a parent who had died of coronary heart disease and 89% of these deaths were correctly reported by the men and women in the study. The baseline data of our study, however, were collected at an earlier period and consciousness about coronary heart disease may have been lower at the time. Also, there was no specific question about the cause of death in parents. To what extent early death in a father is a proxy measure for premature coronary disease cannot be accurately estimated with our data, but if so this influence must be quite strong as a large proportion of all early deaths will have been because of noncardiovascular causes.
The effect of having a long-lived parent was stronger for fathers than for mothers. This could be because of the fact that almost one-third of the mothers were still alive at the time of the baseline investigation, as opposed to only 13% of the fathers. Several of the mothers will have lived on to an advanced age, and the full potential for analysing the effect of longevity in mothers will thus not have been realized in our study. The small group of sons to mothers who survived beyond the age of 90 were significantly less often hospitalized with myocardial infarction, indicating that the importance of having a long-lived mother may not be that much less than having a long-lived father. Repeating the analyses in only those whose father, or mother, had died at the baseline investigation made little difference to the results. On the other hand, in an unknown proportion the biological father will not have been identical to the one for which information was provided. The bias introduced by this potential misclassification will probably have led to an underestimation of the differences between having a long-lived and a shortlived father. A similar bias will not have been present in the mothers. Other potential sources of error include the effect of nonresponse in the study, as well as the effect of information bias and residual confounding with respect to the other variables measured in the study.
An unknown proportion of the effect of parental survival will be mediated by behavioural factors, which, in themselves may also be partly inherited. However, men with fathers surviving to a high age did not smoke less, weigh less, and were not less sedentary than men whose fathers had died early, and there was no difference in socio-economic status in the sons. Even so, there was no information regarding socio-economic status in the fathers and a potential bias in this respect cannot be entirely ruled out. There were minor differences in serum cholesterol and blood pressure, but these factors are also partly genetically determined, and, furthermore, inclusion of these factors in the analyses changed the relative risks associated with parental longevity only very little. To the limited extent that these relatively crude indicators measure lifestyle factors it would seem that the reduction in coronary risk associated with paternal longevity is mediated by genetic, rather than environmental factors.
In the present study, the prevalence of coronary heart disease was high, both amongst parents and amongst sons. The effect of paternal longevity on total mortality was restricted to death from cardiovascular causes only. In a population at low risk for cardiovascular disease the influence of familial longevity might be much less. Age of parents at death is obviously to be counted amongst the nonmodifiable risk factors. To the extent that parental longevity reflects genetic factors, the findings of the present study emphasizes the need for further studies on the interaction between genes and environment with respect to the aetiology of coronary heart disease.
